The extent of epidural anaesthesia and pattern of spread of contrast medium, using different injection techniques, has not been well documented. Therefore, in this prospective, randomized, double-blind study, the extent of anaesthesia and pattern of spread of contrast medium following an epidural bolus injection, via either a Tuohy needle or an epidural catheter, were compared.
Targeted epidural spread of local anaesthetic is important in achieving effective epidural anaesthesia and reducing postoperative pain. It is therefore essential to confirm the extent of anaesthesia in both cephalad and caudad directions. Many studies have been performed on the epidural spread of local anaesthetic or contrast media in humans [1] [2] [3] [4] [5] [6] [7] or animals [8] [9] [10] . These studies suggest that epidural spread may be influenced by several factors, such as the volume of the injectate 11 , and the presence of a median epidural septum [12] [13] or an epidural adhesion 14, 15 . However, the extent of sensory anaesthesia and the pattern of spread of local anaesthetic or contrast medium as determined by the injection technique, such as injection via either a Tuohy needle or an epidural catheter, have not been well documented. Asato and co-workers 1 and Arakawa and co-workers 2 compared the extent of anaesthesia using different epidural injection techniques. However, they focused on sacral anaesthesia, and checked neither the cephalad level of sensory block nor the pattern of contrast.
Our hypothesis was that an epidural injection of local anaesthetic via a catheter, which is much smaller in diameter and of longer length than a Tuohy needle, would cause a higher velocity jet during epidural injection, thereby causing more extensive spread of local anaesthetic in a cephalad direction than injection via a Tuohy needle. In the first part of the study, we evaluated the maximum extent of sensory anaesthesia in both the cephalad and caudad directions, and the time required to achieve the maximum extent of anaesthesia using both injection techniques. In the second part of the study, the extent and pattern of spread of contrast was evaluated with an epidurogram in a separate group of patients, again to identify any differences between the two epidural injection techniques.
MATERIALS AND METHODS
Seventy-nine male patients, aged 20 to 60 years, of ASA physical status 1 or 2, who were scheduled for orthopaedic lower extremity surgery under epidural anaesthesia, were studied once approval from our institutional ethics committee and informed consent had been obtained. Patients with a history of spinal surgery, symptomatic chronic lower back pain, or allergy to iodine-containing compounds were excluded.
The first and second parts of the study investigated spread of local anaesthetic and spread of contrast medium, respectively. In a preliminary study, the pattern of spread of a mixture of 5 ml iopromide (Ultravist ® 370, Schering, Germany) and 7 to 12 ml 0.75% ropivacaine within the epidural space was difficult to see on the fluoroscopic view, due to the dilution of contrast by ropivacaine. Therefore, we evaluated spread of the two different media separately in different subjects. The study design was double-blinded, with patients allocated according to a random number table.
For the first part of the study, 59 of 79 patients were assigned to one of two groups: Group N (n=31) received a single bolus injection of 0.75% ropivacaine through a Tuohy needle and group C (n=28) received the same volume of local anaesthetic via an epidural catheter. All epidural injections were performed by one of two anaesthetists. In the sitting position, lumbar epidural puncture was performed using a 17-gauge Tuohy needle, with a midline approach at approximately L4.
In group N, a 3 ml test dose of 0.75% ropivacaine was injected through a Tuohy needle. Three minutes after a test dose injection, 7 to 12 ml of 0.75% ropivacaine and 25 µg fentanyl was injected over a twominute period via a Tuohy needle. After this bolus, a 19-gauge end-hole epidural catheter, reinforced with a spring wire coil (Flextip Plus ® , Arrow, PA), was inserted for supplementation of LA during the operation. In group C, epidural puncture was performed using the same technique as in group N and the same type of epidural catheter was inserted 3 cm into the epidural space, the needle bevel being directed cephalad. Ropivacaine and fentanyl in the same doses as group N were injected over a twominute period via the catheter.
The patients were then turned into the supine position in both groups. The sensory and motor block was assessed by blinded investigators. The level of sensory block cephalad to the insertion point was assessed using pinprick at five-or ten-minute intervals for 60 minutes from the initial bolus injection. The sensory block below S3 dermatome was not checked and caudad level of sensory block was checked for 30 minutes only because of surgical preparation. The most cephalad level of spread from the insertion point, the time to reach that level, and the time to achieve sensory block to the T12 dermatome were recorded. The motor block was evaluated using a modified Bromage scale16 (0: no paralysis; 1: no hip flexion, knee flexion; 2: no knee flexion, ankle flexion; 3: paralysis of the lower extremities) at ten-minute intervals for 30 minutes after local anaesthetic injection.
In the second part of the study, 20 patients were randomly allocated to receive 5 ml of iopromide, via either a Tuohy needle (group NE, n=10) or a catheter (group CE, n=10), for epidurography. The epidural puncture was performed using the same technique and by the same anaesthetists as for groups N and C. In group NE, 5 ml of contrast was injected over a two-minute period via a Tuohy needle. After the epidurograph, an epidural catheter was inserted for surgical anaesthesia. In group CE, 5 ml of contrast was injected over a two-minute period in the same manner as group C. Antero-posterior and lateral fluoroscopic views were checked once the patients had been turned into the supine position. The injection of contrast was abandoned in one patient in group CE because he complained of severe lower abdominal and back pain during injection. Only data on the location of catheter tip were used for analysis.
The spread of the contrast in the epidural space was interpreted and recorded by a radiologist blinded to the type of injection technique. The spread of contrast on the antero-posterior view was evaluated using the parameters: a) the total number of segments (right and left combined) covered from the site of the needle insertion; b) the maximum spread above and below the level of the needle insertion, either to the right or left of the midline; and c) the difference in numbers of segments covered to the right and left sides of the midline. The spread of the contrast was described as being lateral (area between the outer margin of the spinous process and lateral margin of vertebral body) or paravertebral (outside the vertebral body) on the antero-posterior radio-graphs. The catheter tip position was described as central, central to right, central to left, right paravertebral or left paravertebral (Figure 1 ).
Statistical analysis
Values are expressed as either the mean±SD or the median (range). The statistical analyses were carried out using the SAS System for Windows, Release 8.0. The demographic data, data on time and volume of ropivacaine were compared using Student's t-test. Data on the level of sensory block, the degree of motor block and the spread of contrast were analysed using the Mann-Whitney U-test. P<0.05 was considered statistically significant.
RESULTS
There were no differences between the groups in the demographic data for either part of the study (Table 1 ).
In the first part of the study, the highest cephalad level of sensory block was T9 in both groups. The times to reach T12 and the highest cephalad level of sensory block were similar ( Table 2 ). The spread of sensory block for the first 60 minutes after the epidural injection of local anaesthetic did not differ between groups N and C (Figure 2 ). The degree of motor block was not different ( Table 2 ).
In the second part of the study, eighty per cent of the catheter tips in group CE were observed in either central, central to right or central to left positions on the antero-posterior view radiographs ( Figure 2 ). In group CE, two of ten epidural catheters had threaded in the direction opposite to that of the needle bevel. There were no unilateral or missed blocks in groups N and C and no unilateral spread of contrast in groups NE and CE.
The median number of segments (right and left combined), the maximum spread above and below the site of the needle insertion, and the difference in the number of segments covered to the right and left of the midline, were similar (Table 3 ). Lateral or paravertebral spread was seen in 100 and 50%, respectively, of the patients in group NE, and in 90 and 60%, respectively in group CE. Values are mean±SD. Group N: epidural injection of 0.75% ropivacaine 10-15 ml and fentanyl 25 µg via a Tuohy needle; Group C: epidural injection of the above mixture via an epidural catheter; Group NE: epidural injection of 5 ml of contrast medium via a Tuohy needle; and Group CE: epidural injection of 5 ml of contrast medium via an epidural catheter.
In all groups, no patient needed supplementary local anaesthetic until 60 minutes following the injection of initial dose.
DISCUSSION
It was hypothesized that the most cephalad level of sensory block in group C might be higher than in group N, as the injectate would emerge from the catheter tip that is assumed to be located 3 cm cephalad to the epidural needle tip. However, we found no difference when the injectate was administered via a Tuohy needle or via a more cephalad located catheter. There were also no differences between groups C and N in the highest cephalad level of sensory block, the time for spread to that level, and the onset of T12 sensory block.
The lack of difference between group N and C may have been due to the great variability in catheter tip location in group C, and the fact that the tip was often not in fact 3 cm cephalad to the point of needle insertion, as had been assumed. Indeed, in group CE, two of ten epidural catheters passed in a caudad direction, opposite to the direction of the needle bevel. It has previously been observed that, in most cases, the epidural catheter is not located in the intended position 17, 18 . In our study, paravertebral spread was seen in 50 and 60% of the patients in groups NE and CE respectively. Twenty per cent of catheter tips were found outside the intervertebral foramen, although unilateral spread of dye was not seen in such cases. A computerized tomography (CT) evaluation by Hogan 17 also showed injected solution was distributed throughout the epidural space, even to the contralateral foramen, despite the majority of catheters being positioned laterally in the epidural space. Even when the catheter tip lies exterior to the intervertebral fora-men in the paravertebral space, the spread of the injectate is preferentially back into the spinal canal. This is because the muscular confines of the perivertebral space cause high pressures to develop during injection, whereas the adjacent spinal canal has a maximum pressure equal to that of the CSF and accepts solution by displacing the CSF 16 .
It seems intuitive that the volume of the contrast should match the volume of local anaesthetic administered in predicting the final spread of solution. The volume of contrast used in this study was about a third to a half that of the local anaesthetic. The clinical experience of other researchers suggests that volumes higher than 4 to 6 ml may be needed to ensure consistent bilateral spread 19, 20 . However, we found some patients complained pain during epidural injection of volumes higher than 5 ml in our pilot study. Our clinical experience suggests that lumbar epidural injection of 5 ml of contrast might be sufficient to assure consistent bilateral spread.
In conclusion, an epidural bolus injection via either a Tuohy needle or a catheter made no difference in regard to local anaesthetic or contrast medium spread within the epidural space.
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Values are mean±SD or median (range). Group N: epidural injection of 0.75% ropivacaine 10-15 ml and fentanyl 25 µg via a Tuohy needle; Group C: epidural injection of the above mixture via an epidural catheter.
